Analyzing the evolution of RNA secondary structures in vertebrate introns using Kimura's model of compensatory fitness interactions.
Previous studies have shown that splicing efficiency, and thus maturation of pre-mRNA, depends on the correct folding of the RNA molecule into a secondary or higher order structure. When disrupted by a mutation, aberrant folding may result in a lower splicing efficiency. However, the structure can be restored by a second, compensatory mutation. Here, we present a logistic regression approach to analyze the evolutionary dynamics of RNA secondary structures. We apply our approach to a set of computationally predicted RNA secondary structures in vertebrate introns. Our results are consistent with the hypothesis of a negative influence of the physical distance between pairing nucleotides on the occurrence of covariations, as predicted by Kimura's model of compensatory evolution. We also confirm the hypothesis that longer local secondary structure elements (helices) can accommodate a larger number of covariations, wobbles, and mismatches. Furthermore, we find that wobbles and mismatches are more frequent in the middle of a helix, whereas covariations occur preferentially at the helix ends. The GC content is a major determinant of this pattern.